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This report will be investigating the technical applications and solutions for engine electrical and electronic circuits to achieve this I will have to evaluate voltage, current, resistance and power in a range of automotive circuits, I will also interpret circuit symbols and diagrams and perform systematic testing of vehicle electronic systems with test. 
In this report I will also be analysing the solutions and operations of sensors, actuators and displays using dedicated equipment that will give me accurate readings throughout the test. By doing this it allows me to determine the principles of operation and electrical characteristics of vehicle sensors and vehicle actuators as well as learning how to use the dedicated equipment such as: oscilloscopes and multi-meters to analyse the data and identify any issues and suggest solutions. This will show me the different inputs and outputs of certain sensors and actuators under different circumstances.
 We will be doing this as a group, looking on two different engines with two different fuelling systems. The two systems that are looked into are the LE3 Jetronic System and the Motronic System. We will be testing many of the sensors and components of each system and noting down the values seen. This will hopefully show where the two systems are different. In this report we will also note improvements that could be made to both systems.
 I am hoping that from this report I will be able to gain knowledge on how to use the Bosch dedicated oscilloscope in general as well as learning how and when to use either the multimeter or the oscilloscope in the correct situation. I am also hoping to learn to be able to diagnose a problem just from using these pieces of equipment or even by sound. As well as learning new diagnostic skills I will be working within a group therefore I will improve my communication skills and I will be able to work in a group better in future tasks or jobs. It will also improve my general knowledge of the systems and the sensors and actuators themselves for the future should I come across them again.

[bookmark: _Toc512230741]Methodology
As stated in the Introduction we as a group will be testing 2 different engines with two different ignition and fuelling systems. The first one that we will be testing is the LE3 Jetronic System by BOSCH. On this system we will be conducting many tests. The main one being using the NTC2 sensor which is the Temperature sensor located in the water jacket of the engine. With this sensor we will run the engine up to temperatures ranging between 20°C and 70°C going up in increments of 10°C. at each point we will measure 3 things:  
1- Measuring the Resistance of the NTC2 sensor using the multimeter at the sensor itself. 
2- Measure the Voltage of the NTC2 sensor at the air flow control unit (Pin 8) using the dedicated diagnostics computer.
3- Once again using the dedicated diagnostics computer but altering the settings and seeing the ignition ‘on’ time by probing the air intake control unit (Pin 3)
The second test conducted on this system is using the multimeter and measuring the voltage of every pin on the air intake control unit, the Spark advance unit as well as the Ignition amplifier with the ignition on and off. With this information we can look at the schematic and see if the readings make sense as well as having evidence of that specific sensor or actuator working. 
The third and final test we will do on the LE3 Jetronic system is to go around some of the actual sensors themselves and test the ports and compare the data we collect with the data given to us in a manual for that engine. Some of the components tested are: the Throttle switch, auxiliary air valve, injectors, coolant temperature sensor, and the HT leads. The data collected will show us if these components are within working range and tell us if they need replacing. 
We will conduct the same method of testing on the Motronic system however we will be testing different sensors and actuators as this system has different components, these tests will be conducted on: Throttle Potentiometer, Air Flow Sensor, Coolant Temperature Sensor, Injectors, Idle Control Valve, Air Temperature Sensor, HT Leads and the Ignition coil. 

[bookmark: _Toc512230742]Analysis
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As I stated in the Methodology (Page 4) the first test consisted of three parts. When we walked into the workshop the first thing we did before even start the test was to put our PPE on which consisted of steel toe capped boots and a dust coat. We then worked out between us who was doing what on the test. Once everything was sorted we began by taking the temperature reader from the computer and replacing the oil dipstick with it. This is because we wanted to measure the components at different temperatures. When the test was set up we saw that the engine oil temperature was reading 17.8°C, the first reading we wanted was at 20°C. Before getting it up to temperature we set up the computer so that we could see the voltage reading of channel 1 on the computer which is similar to a multimeter probe, and we placed it on the injector pin at the air intake control unit (Pin 3 according to schematic) and seeing for how long it cranks over before start-up as well as the injection ‘on’ time. once the engine fired up we paused the screen and turned it back off again. From the graph that we froze we found that to get the engine running the injectors were on for 80 milliseconds as the engine was cranking and it took 600 milliseconds for it to start. We then changed the settings so we could see the engine temperature again and fired it back up. We ran it up to 20°C and turned it off. The next steps we took were to measure the resistance at the NTC2 and note it down, after that we set the computer back up to see where the voltage was at pin 8 in the air intake control unit which was the voltage output from the NTC2. After this we set the computer up to find the injector ‘on’ time and fired the engine back up again. We let the engine run for approximately 10 seconds for it to settle and then we froze the screen and turned the engine back off. On the screen we saw the injectors voltage pattern. What we saw on screen was this:
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(Billing, 2018)



As you can see from the photograph I took during the test this is the injection pattern. On the photo there is a graph with an X and Y axis. The X axis represents milliseconds and the Y axis represents the voltage. In this photo you can see the blue line is above 0v for the majority of the time. this is because the battery voltage is constantly feeding this pin voltage. When it suddenly drops to 0v or very little voltage this shows the injector opening and allowing pressured fuel into the chamber. It stays at a very low voltage for a period of time known as the injector ‘on’ time which is what we are measuring. And then suddenly spikes up. This part is called back EMF and is caused by the injector suddenly closing again. Back EMF is when The collapsing field also induces a lesser surge (back EMF) in the primary coil, creating a second, unwanted surge of electricity traveling back through one of the primary terminals toward the switch. (MAGLab, 2014) And goes back to its battery feed. At 20°C the injection on time read 3.6 milliseconds. The NTC 2 read 1650 ohms at the sensor, and the voltage at pin 8 on the air intake control read 1.5 v. 




These steps were repeated all the way up to 65°C as we could not reach 70°C because of the fan activating. I will now create a graph to show our results.
	Oil Temperature (°C)
	Resistance @ NTC2 (Ohms)
	Voltage of NTC2 @ Pin 2 (ECU)
	Injector ‘on’ Time (ms)

	20
	1650
	1.5
	3.6

	30
	892
	1
	3.1

	40
	719
	0.8
	3

	50
	534
	0.63
	2.6

	60
	404
	0.5
	2.6

	65
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	2.6




As you can see from the table above there is a correlation between the oil temperature and the resistance and voltage of the NTC2 sensor. NTC stands for Negative Temperature Coefficient, this means as the temperature of the sensor increases the voltage and the resistance decreases. You can see that the sensor is working fine as both the voltage and the resistance are decreasing as the temperature increases. Also in the far right column you can see the injector ‘on’ time results. There is also a clear correlation between the temperature of the oil/engine and the duration the injector is on for. At a low temperature the injectors are on for a reasonably long amount of time, this allows more fuel to enter the combustion chamber making the fuel/air mixture richer making it easier to burn. Once the engine begins to heat up you can see the injector ‘on’ time decrease until it reaches 2.6 m/s at 50°C where it stays all the way through to 65°C. This because this particular system has an auxiliary air valve system. An auxiliary air valve system is effectively an air by-pass which benefits cold-start situations. An aperture in the auxiliary air device controls the amount of air that flows through. It is installed on the engine to absorb its heat. It is also electrically heated to track with the engine characteristic. The hotter the engine, the less additional air is provided (Bosch, 2018). It is also important to note that the injection duration time only injects half the amount of fuel per 360° as this system injects fuel simultaneously because of the way it is driven.
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The second test conducted on the LE3 Jetronic system was to check each pin on the following: the air intake control unit, the spark advance unit and the ignition amplifier. NOTE: Some pins may be missing due to the manufacturer using only one ECU for a number of vehicles. The pins missing could mean this vehicle doesn’t have that optional extra or component.
	Air Intake Control Unit

	Pin Number
	Ignition OFF (v)
	Ignition ON (v)

	1
	0
	0.08

	2
	0
	12.4

	3
	0
	0

	4
	0
	0

	5
	0
	0

	8
	0
	0.67

	10
	0
	0.13

	12
	0
	12.44

	14
	0
	4.97

	15
	0
	0
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Instantly from the table above you can see that every single pin in this control unit has no voltage going through it when the ignition is off. This tells us that all the sensors and actuators controlled by this control unit need the ignition to be on at the very least to get a reading. When we turned the ignition on we took the same steps and we got some readings. As you can see the pin 1 as a very miniscule reading of 0.08 volts which according to the schematic (see appendix) goes to the spark advance control unit. This small amount voltage could be down to ???. Pin 2 reads at 12.4 volts which means it is reading battery voltage. According to my notes recorded from the test and the schematic connects to the fuel pump relay, and if you follow that wire back past the resister and diode which prevents back EMF it goes to the Ignition Live wire which proves this. Pins 3,4 and 5 read 0 volts, this is because pins 4 and 5 go straight to earth. However, pin 3 is the pin responsible for the injectors which aren’t on during the ignition stage of the switch only when the engine is running. 
The next table is the voltage found in the spark advance unit while the ignition on and off:
	Pin Number
	Ignition Off (v)
	Ignition On (v)

	1
	0
	0

	2
	0
	0

	3
	0
	12.27

	5
	0
	0.09

	6
	0
	0

	7
	0
	1.21

	8
	0
	0.96

	10
	0
	0.09

	11
	0
	0.17

	12
	0
	0.21

	13
	0
	0.29

	14
	0
	5.01

	15
	0
	0.13




As you can see once again while the ignition is off none of the wires are producing a voltage. This is down to the fact all the wires lead a passive sensor which means it needs a feed to it for it to work it doesn’t not generate its own voltage. However, if you look at the Ignition On side, you will see there are some values. According to the schematic pin 1 goes straight to earth so 0v is a good sign as it shows there is a good earth. Pin two is a return wire from the pump therefore this shows that there is a good connection, as well as pin 6 being connected to the throttle switch wire leading to the air intake unit so we wouldn’t expect anything there either. Pin 3 shows 12.27 volts which is battery voltage and if we refer back to the schematic you will see that it does in fact connect to a Ignition live wire that leads to the ignition amplifier. Pin 7 shows 1.21 volts which is a very low voltage however it does make sense as pin 7 is the wire leading to a pump so the small voltage is there to prime the injectors. Pin 14 reads at a voltage of 5.01 volts, according to the schematic this wire leads to the air intake control unit therefore the voltage present is the Darlington pair on the other side as they need 5 volts to be active. The rest of the pins are reading a very low voltage. I have narrowed this down to the fact that the multimeter may have some interference giving some faulty readings, this means the rest of the values may be out slightly as well but are still within the range that we would expect them to be. 
The third control unit we tested was the ignition amplifier. The values found are input into a table which looks like this:
	Pin Number
	Ignition Off (v)
	Ignition On (v)

	1
	0
	12.31

	2
	0
	0

	3
	0
	12.31

	4
	0
	0.13


This unit is a very small wire consisting of only 4 wires. But, in common with the rest of the of the control units there was no voltage generated or present in any of the pins while the ignition was off. However when the ignitions on pin 1 and 3 produce 12.31 volts which is battery voltage pin 1 leads the rev counter, whereas pin 3 leads straight to ignition live. Pin 2 goes to earth which is proven by 0 volts and pin 4 should be 0 volts but the 0.13 volts showing is down to interference with the multimeter.
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The third and final test on the LE3 Jetronic system is to go around some of the sensors and actuators themselves and reading the results and comparing them with a handbook to see if they are within tolerance and are in working order. Here are my results:
Throttle Switch:- resistance 
Pins 2 + 18 throttle closed = 0 ohms
Pins 3 + 18 throttle closed = Infinite
Auxiliary Air Valve:- resistance
Resistance between terminals = 46 ohms
Handbook says it should be 40 0hms so it is slightly over but not too far over to consider it an issue.
Injectors:- Resistance Between Terminals should be between 15-17 ohms 
1- 16
2- 16
3- 15.9
4- 16
All of the injectors were between the recommended resistance range. Injector was slightly lower than the rest this might be because this cylinder is next to be fired. 
Coolant Temperature Sensor:- 
-10°C= 7000 – 11600 ohms
20°C = 2100 – 2900 ohms 
80°C = 270 – 390 ohms




HT Leads:- Resistance should be 7.44 kilo ohms 
1- 8.2 kilo ohms
2- 8.5 kilo ohms
3- 7 kilo ohms
4- 5.2 kilo ohms 
5- King Lead = 5.2 ohms 
As you can see from these values the HT Lead on cylinder 3 is the closest to the recommended this will be down to the fact that this cylinder was next to be ignited.
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With the Motronic system we did the tests in a different as we believed this way would be more time efficient to complete it within the time given. So the first test we completed was checking each pin in the control unit, then we checked the sensors and actuators themselves and then finally we were taking notes of the NTC2 at the sensor and at the control unit. As well as looking at the length of time the injector is open for using the dedicated Bosch computer and reading of pin 16 in the control unit. We will also be looking at the idle actuator in the 3rd test to calculate the percentage of how open it was at each temperature setting. We will also look at the charcoal solenoid and the lambda sensor to see at what temperature they activate. The last thing we would look at is the air temperature monitor at 20°C and 80°C as there would be very little change in between these two temperatures. 
[bookmark: _Toc512230748]Test 1
[image: ]As I stated above the first test we conducted was checking each pin in the control unit using a multimeter, I have made a table to make it easier to read:
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As you can see when the ignition is switched off every pin is at 0 volts apart from pin 18 and 36. Pin 18 leads straight back to the permanent live, this is the keep alive wire so effectively it stores all the data safely while the engine is off. If we refer to the schematic pin 36 leads back to a relay with two single wire relays, the wire from pin 36 leads back to the one of the single wire relays and then back to a diode, which then leads back to the permanent live. This relay is a control circuit for the supply to auxiliaries as well as the ECU.
When we turned the ignition on as you can see from the tale above we had a variety of different readings. Pin 1 was reading 12.4 volts which is battery voltage, pin 1 is connected to the negative side of the coil so we would expect battery voltage as the earth isn’t being broken due to ignition of the spark plugs, therefore the magnetic field inside the coils windings does not collapse. Pin 3 once again reads battery voltage at 12.23 volts this reading is slightly lower than pin 1 due to the ignition being on draining the battery voltage while the alternator isn’t on to recharge it. Pin 3 is the control circuit for the fuel pump, this is the same control circuit as pin 36 stated above. Pin 5 is also reading battery voltage at 12.18 volts which is the pulsed side of the tank vent valve which is also known as the charcoal canister solenoid. This opens and closes to allow the gases out after being cleansed by the charcoal. Pin 6 read 11.48 volts which once again is battery voltage but is very low. This voltage is for the fuel light, the reason the voltage is so high for just a light is because this pin is also responsible for the ECU for automatic or four wheel drive models with this engine. Pin 13 also reads battery level at 10.48 volts according to the schematic pin 13 is the diagnostic socket supply. After this pin we started the engine up to recharge the battery. Pins 16 and 17 are the two banks of injectors on the pulsed side. These both read battery voltage at 12.18 and 12.17 respectively as they are primed ready for the key to turn. Pin 18 also read battery voltage at 12,18 volts. This pin is the keep alive memory which is the permanent live. The next pin to show battery voltage was pin 27. This pin was connected to the ignition feed which shows there is a good connection as if there was any other value apart from battery voltage there would be an issue. Pin 32 also showed battery voltage at 11.47 volts and this pin is the output to the on-board computer. This would make sense to be battery voltage as the reader usually feeds off this port. Pin 37 was the next to show battery voltage at 12.19 volts. This pin is the supply to the ECU and the on-board computer. The last pin to show battery voltage is pin 55 at 11.14 volts and this is an issue as it is the earth for the diagnostics socket, any earth lead should have 0 volts and this one clearly doesn’t therefore it could be down to a broken wire. 
Pin 4 is showing a reading of 9.86 voltage. This pin is the pulsed side of the rotary idle valve. The rotary air valve allows a by-pass route for a small amount of air during cold start to give a smoother idle. (Bosch, n.d.). Pin 7 is the load signal output from the air-flow meter which read 0.37 volts which shows there’s very little load on the engine. The next pin to show a mid-range voltage value is pin 12 which is the 5 volt supply to the air-flow meter and the throttle potentiometer which reads 5.08 volts which is close enough to 5 volts that it isn’t considered an issue. Another pin showing some voltage was pin 22. This pin is the engine warning light which does come on during the ignition stage, so this proves that it is working. Pin 28 also showed a small voltage of 0.45 volts and this is coming from the output of the lambda sensor. Another pin showing little voltage is pin 36 at 0.29 volts, this is the control circuit for supply to auxiliaries and the ECU. The next pins to show any voltage are pins 44 and 45 which show 3.64 volts and 3.63 volts respectively. These pins are NTC1 and NTC2 which give us the temperature of the engine in terms of voltage which the control unit then runs it through its map and figures out how much fuel etc to let into the chamber to heat it up or to keep at a constant temperature. The last pin to show some voltage is pin 53 which is the output from the throttle potentiometer, this shows the throttle was slightly open at the time of measuring. 
The rest of the pins were at 0 volts or at very little voltage due to some interference with the multimeter. These pins included earth wires, air conditioning and the crankshaft sensor in which all would be 0 volts at the ignition stage as the A/C is belt driven and the crankshaft isn’t turning as the engine isn’t on. 
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The second test conducted on the Motronic system was on some of the sensors and actuators and referring back to a manual to see if they were within working range. In total we looked at 8 sensors and actuators which were; throttle potentiometer, air-flow sensor, coolant temperature, injectors, idle control valve, HT leads and the ignition coil.
Throttle Potentiometer:
Test 1: Resistance
Terminals 1+2 throttle closed = 2000 ohms (working range= 1900 – 2000 ohms) 
Terminals 1+3 throttle open = 2650 ohms (working range = 1000 – 2000 ohms)
Test 2: Voltage
Terminals 2 + earth throttle closed = 5.08 v (working range = 0.12 – 1.22 volts)
Terminals 2 + earth throttle open = 5.1 v (working range = 3.90 – 4.95 volts)
As you can tell from the values found in the test there was an issue with the throttle potentiometer. As a group we decided that this was down to the potentiometer itself being faulty, if we had time to we would replace the potentiometer itself and re-conduct the test.
Air Flow Sensor:
Test: Resistance 
Terminals:
4 + 2 = 32.9 ohms (working range = 8 – 2500 ohms)
4 + 3 = 536 ohms (working range = 300 – 550 ohms)
4 + 1 = No test (working range = 270 – 520 ohms) 
All of the tests on the air flow sensor were within range, however we did not test terminals 4 + 1 as this engine did not have a catalytic converter so we didn’t have to conduct it. 

Coolant Temperature Sensor: 
Test: Resistance
0°C = - (working range = 4800 – 6600 ohms) 
20°C = 2500 ohms (working range = 2200 – 2800 ohms)
40°C =  630 ohms (working range = 1000 – 1400 ohms)
80°C =  250 ohms (working range = 270 – 380 ohms)
This test was conducted and the NTC2 sensor was working within the range at 20°C but after this it didn’t. This could be down to the fact that its worn out and the material used may have been damaged by heat over time. this will need to be replaced for future testing. 
Injectors:
Test: Resistance working range (15 – 17 ohms) 
1 = 15.7 ohms
2 = 15.8 ohms
3 = 15.7 ohms
4 = 15.7 ohms 
As you can see all the injectors are within working range. Injector 2 is slightly above the rest as this cylinder is the next to be fired so there is slightly more resistance there.
Idle Control Valve:
Test: Resistance (working range = 8 ohms)
= 8 ohms
The idle control valve was in perfect working order.



Air Temperature Sensor:
Test: Resistance (working range = 1500 – 3300 ohms)
Pin 4 + 5 on the sensor
Temperature = 15°C - 30°C + 2480 ohms
The air temperature sensor was working perfectly and almost right in the middle of the working range. 
HT Leads:
Test: Resistance
1 = 19700 ohms
2 = 18800 ohms
3 = 15000 ohms 
4 = 22000 ohms
King Lead = Overload.
The resistance of all the HT leads were very high as expected as there is a high amount of voltage travelling through them to ignite the fuels in the chamber via the spark plug. The king lead was reading overload this means that the resistance was so high the multimeter couldn’t read it as it is connected to the ignition coil and the magnetic field surrounding the core of the coil is ready to collapse to send that surge of energy through to the spark plug to ignite the fuel.. HT lead 4 was the highest reading at 22000 ohms, this is down to the fact that it is the shortest wire.






Ignition Coil: 
Test: Resistance 
Primary Windings: 0.7 ohms
Secondary Windings: 7100 ohms
There is a considerable amount of resistance in the secondary windings of the coil as the battery voltage travels down the primary windings into the secondary voltage it amplifies due to the soft iron core in the middle. This amplified voltage is then sat at the secondary windings with a magnetic field surrounding it. Once signalled the magnetic field collapses sending a high surge of energy through the core into the king lead and then into the desired HT lead to ignite the fuel in the chamber. 
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The third and final test conducted on this engine was the tests on the NTC2 at different temperatures including the injectors on time, the idle actuator efficiency, the charcoal solenoid activation as well as the lambda sensor activation. To read the data better I have made it into a table:
	Temperature
(°C)
	Pin 45
(Resistance)
	Pin 45
(v)
	Pin 16
(ms)
	Pin 4 
(%)
	Pin 5
(on/off)
	Pin 28
(on/off)

	20
	2500
	3.6
	3.8
	49
	Off
	Off

	30
	980
	2.5
	3.5
	45
	Off
	Off

	40
	630
	2
	3.1
	44
	Off
	On

	50
	420
	1.6
	3.2
	42
	On
	-

	60
	310
	1.3
	2.8
	42
	-
	-

	70
	230
	1
	3.2
	44
	-
	-

	80
	250
	1.1
	3
	46
	On
	On


[bookmark: _Toc512206203]Figure 5


As you can see from the table above there is a clear correlation between the temperature and pin 45 (NTC2 Output). As the temperature increases the resistance and the voltage at pin 45 decreases. This is expected as it is a Negative Temperature Coefficient sensor not a Positive Temperature Coefficient. This means that as the temperature increases the values decrease in the sensor and not increase. This is proven by the values found in the table. However, at 80°C they jump up ever so slightly. This could be down to the fact that the throttle potentiometer is faulty, proven in ‘Test 2’, meaning the ECU is unsure of the amount of fuel to let in therefore the readings are slightly off. Looking at the injectors (pin 16) it starts off at 3.8 milliseconds on time and gradually decreases to 3.1 milliseconds at 40°C. from here it fluctuates from 3.2 ms to 2.8 ms between 50 and 80°C. this is also down to the fact that the faulty throttle potentiometer causing the engine to idle poorly. There is a very similar relationship between the temperature and the idle actuator percentage. We were also monitoring the charcoal solenoid to see at what temperature this would activate to start cleaning the harmful gasses effectively. We discovered that it does activate between 40°C and 53°C. Another sensor we looked at is the lambda sensor and this activates between the temperature range of 30°C and 45°C. we also looked at pin 44 at 20°C and 80°C. this is the air temperature sensor and it was reading at 3.6 and 3.4 volts respectively. 
[bookmark: _Toc512230751]Equipment Used
To conduct the tests the equipment we used was the multimeter, Bosch dedicated oscilloscope computer and an Autodata handbook. In my opinion these pieces of equipment were the best that we could use because a multimeter is easy and quick to use. The Bosch dedicate computer is the best piece of equipment we could of used as the circuit we were testing were produced by Bosch. I also believe the Autodata handbook was a better option than using the internet for data as people could tamper with the information online whereas a handbook cannot be altered. 
[bookmark: _Toc512230752]Safe Working Practices
When we got into the workshop the first thing we did was put our PPE on. This included steel toe capped boots and dust coats. Safety glasses glove/barrier cream and ear protectors were offered as well. We then connected the exhaust ventilation pipes to extract all the harmful gases that escape from the exhaust out into the atmosphere rather than keeping it inside with us in the workshop. Use the e-COSHH Essentials guidance sheets to reduce exposure. (HSE, 2018). Every time we started the engine whoever was turning the key shouted ‘cranking’ clearly so we all knew that we should take a step back from the engine in case we get our fingers trapped or burning our hands on hot components.
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As you can see above there are two graphs including resistance values of both systems at different temperature. However, the Motronic system has readings up to 80°C whereas the LE3 Jetronic system is only to 60°C. The first thing we notice as at 20°C the Motronic resistance is almost a 1000 ohms more than the LE3 Jetronic. It then carries on to decrease to rapidly decrease until 30°C where the Motronic system is at around the 1000 ohms mark and the LE3 Jetronic is at around 800 ohms, as you can see the gap between the two has narrowed off to only 200 ohms. They both then gradually decrease to their low points of 400 on the LE3 system and 310 on the Motronic system. This shows that the Motronic NTC2 can handle higher temperatures as it goes up to 80°C whereas the LE3 is only up to 60°C. 
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There is also a similarity with the voltage values between the Motronic and the LE3 systems. They both start at around the 3.5 v mark at 20°C. However, the Motronic NTC2 voltage rating takes a downward spike to 2.5v at 30°C whereas the Jetronic system gradually decreases to just over 3v. The Jetronic continues to decrease but only to 3v over the next 10 degrees whereas the Motronic system continues to drastically decrease to 2 volts. At 50°C the Motronic system drops only 0.5v over the 10 degrees, as well as the LE3 system which also dropped the same amount. From here the LE3 voltage doesn’t drop whereas the Motronic voltage drops to around 1.25 volts. 




[bookmark: _Toc512230754]Comparing Systems and Waveforms
The main differences between the two systems lies in the fuelling system and the ignition system. The LE3 system uses a distributor to distribute the voltage to each cylinder, whereas the more modern Motronic system has ditched the distributor and uses a trigger wheel connected to the flywheel. This allows for a better more accurate spark at higher rpm. In the LE-Jetronic system, the injection valves spray the fuel simultaneously, what is to say, they are all driven at the same time. In this system, the injection command unit controls only the fuel system (Bosch, 2018). The Motronic system however, feeds the fuel in a semi sequential manner, this means that two injectors release the fuel into their respective cylinders at each time. this is a small improvement from the previous mode. The Motronic system also had a few additional components like the charcoal canister to reduce the harmful gases produced inside the chamber as well as the lambda sensor to improve fuel efficiency.
In the appendix there are several images of the waveforms found while testing certain sensors and actuators on both systems and with these images I will compare both systems. 
First off, the injectors. If you look at Figures: 12 and 13 for the LE3 system and 24 and 25 for the Motronic system you will see some of the injector waveforms during acceleration and deceleration. Figures 12 and 24 show acceleration. On this waveform you look at the beginning there is around 5 – 10 volts running to the injectors where it suddenly shoots down to 0 volts. The duration of time that the voltage stays at 0 volts is the injector on time that alters depending on certain factors such as: engine temperature, air pressure etc. From here you can see there is a large spike of voltage occurring this is the back EMF occurring. It then comes back down to normal voltage after a few oscillations and the cycle starts over again. This is the same cycle and waveform in both systems however, you will find that the frequency of the waveforms are slightly slower on the Motronic system than the Jetronic. This is down to the fact that the Motronic system has semi sequential injection, therefore it has two pins which activates the injectors whereas the Jetronic has one working all four injectors. Figures 14 and 23 show the injectors at idle when they’re up to temperature which both are very similar once again apart from the on time is altered slightly.

Figure 11 shows the supply and the earth for the LE3 system and so does figure 26 for the Motronic system. As you can see once again the values are very similar as well as the waveform. Both ignition supply pins start off at around battery level and the earth starts at 0 volts. As each ignition in the cylinders go off you can see that there is a small spike in both the earth and the ignition feed. If you were to overlap the readings they would cover each other apart from this spike where they jump in the opposite direction, the ignition feed loses voltage whereas the earth wires voltage increases for a small amount of time.
Figure 15 shows the spark advance and the primary side of the coil on the LE3 system. Once again if you overlapped these waveforms they would compensate each other. When the spark advance goes down to 0 volts the primary side of the coil shoots up in voltage and then comes back down when the back EMF spike begins. 
Pin 5 on the LE3 system is the speed reference for the fuel ECU, this can be found as Figure 16. This waveform is commonly known as a digital waveform. It is either on or off there is no in between. This specific wave will alter depending on the engine speed, the higher the RPM the more often it will turn on and off. 
Figures 17 and 28 are signal waveforms found in the crankshaft position sensor. Figure 17 is for the LE3 and as you can see it doesn’t have anywhere near as many fluctuations as the Motronic (figure 28). This is down to the fact that the Motronic system uses it as a reference of when to inject the fuel and there is one missing tooth in the 360 degrees. 
Figure 18 and Figure 29 are the secondary waveforms. As you can see these waveforms are very similar in terms of looks, but the Motronic systems waveform (figure 28) is longer than the LE3 Waveform (figure 18).




[bookmark: _Toc512230755]Modifications
In my opinion both the systems that we have been tested are outdated in today’s society and both systems could have a handful of modifications that would improve the systems drastically. However the main one that I wish to comment on is adding a coil-per-plug system to the LE3 system
I believe just by adding this into the system would increase the fuel efficiency by a few percent overall. Currently the LE3 system uses the old fashioned distributor to distribute the voltage between the four cylinders and uses only one coil to charge them. What the coil-per-plug system does is it completely removes the distributor and the HT Leads all together. The coils will sit individually on top of each spark plug and are connected to the control unit via a wire. This will improve the mess inside the engine bay also.
This modification would also improve the car mechanically. A coil on each plug means that each coil has a higher dwell time between sparks allowing a longer recharge. In turn this allows for more voltage to be sent to the spark plug allowing a cleaner spark, which then achieves a cleaner burn of the fuel mixture. All of this means that less fuel can be sent into the chamber, increasing fuel efficiency. 
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